Introduction
A long standing research interest in our group at the University of Strathclyde has concerned the substrates of enzymes involved in the biosynthesis and the metabolism of folates. The studies have so far concerned mammalian and bacterial enzymes but the methods used and the compounds prepared can be readily adapted to the studies of plant enzymes.
Current research falls into three distinct areas: (A) Synthesis of 7-deazaguanine based potential inhibitors of the type 1, designed to mimic the tetrahedral intermediate for the guanosine triphosphate cyclohydrolase I (GTPCH I) catalysed hydrolysis of guanosine triphosphate GTP.
(B) Introduction of fluorine and fluorinated substituents into the pyrazine portion of the pterin system in order to generate analogues of naturally occurring pterins like Sa and 5b with modified properties.
(C) C-6 Functionalised pterins, based on the structure of a natural pterin pyrophophate 6a. These compounds will have side chains capable of chelating to a metal centre in the target enzymes dihydropteridine diphosphokinase (DHDPK) and dihydropteroate synthase (DPHS).
Results and Discussion
Non ribosylated precursors of 1 were found to § Author to whom correspondence should b e addressed.
Pteridines / Vol. 6 / No.3 dehydrate even under mild, neutral reaction conditions (1). In order to stabilise the 8-hydroxy group we planned to introduce a trifluoromethyl group into the same position. Alternatively, the introduction of a carboxylate group into the 8-position of the 7-deazaguanine seemed to also give an interesting analogue of the initial target compound 1. A short and direct approach towards C-8 substituted 7-deazaguanines involves the reaction of 2,6-diaminopyrimidin-4(3H)-one with a-halo carbonyl compounds. Dependent on the nature of the substituents R, the reaction gives either furo [2,3-dJpyrimidines or pyrrolo[2,3-dJpyrimidin-4 (3H)-ones, or mixtures of the two (2). With bromotriflucroacetone and ethyl bromopyruvate, only the corresponding furopyrimidines 2a (after dehydration with sulphuric acid) and 2b were obtained. In order to enhance the reactivity towards nucleophiles of the halogen substituted carbon over the carbonyl carbon of these ketones the corresponding a-halooximes (3-5) were used. On dehydrohalogenation, the resulting nitrosoalkenes act as reactive Michael acceptors and only the formation of 3a and 3b is observed. The thermal cyclisation of 3a yields only the 8-trifluoromethyl substituted 7-deazaguanine 4 from the attack of the 6-amino group of the pyrimidone at the oxime carbon of the side chain. The product was once again isolated in the dehydrated form. Nevertheless, the biological evaluation of 4 is currently underway and shows very promising results. To conclude, the use of a-halooximes is an efficient method t() direct the reaction of ahalo carbonyl compounds with 2,6-diaminopyrimi- A similar approach using suitably substituted ah alo carbonyl compounds and 2,5,6-triaminopyrimidin-4(3H)-one has been used to generate a number of pterins with fluorine substituents in the ryrazine ring (6) . The Isay condensation of this r':Timidinone and hexafluorobiacetyl givcs Sa.
In a Boon approach, 2-amino-6-chloro-5-nitropyrimidin-4 (3H)-one was condensed with 3-amino-1.1 J -trifluoropropan-2-01. The secondary hydroxy group in the coupled product was then mesylated a nd the nitro group was reduced leading directly to cyclisation. Subsequent oxidation of the intermediate yielded the fluorinated pterin Sb (7). was monoprotected at the 2-amino group with one equivalent of pivalic anhydride to give 6b. The formation of the aldehyde function can be explained by autoxidation of the 6-hydroxymethyl group in air (9,10).
The novel C-6 chain extended products 7a-f (all E geometry) were synthesised under mild conditions by reaction of 6b with the appropriate phosphorus ylide. Compounds 7e and 7f are especiallyinteresting as they are expected to mimic the 1,3-chelating system of the side chain in 6a. Novel Wittig ylides are now being synthesised that should directly give the required side. chain functionality of the alternative target molecules of the type Sc and Sd.
The a ,~-unsaturated side chain of ester 7a was successfully reduced with n-tributyltin hydride. Various attempts to chain extend this ester by Claisen condensation failed.
Conclusions
The syntheses outlined above show that we have made significant progress in each of our research areas. The first interesting compounds from the work on GTPCH I inhibitors are now undergoing further biological evaluation. Novel pterin analogues with fluorine substiouents in the pyrazine ring have also been submitted for biological testing. Finally the chemistry required to introduce chelating side chains into pterins has been established in order to access inhibitors ofDHDPK and DHPS. The natural pterin diphosphate 6a is the common substrate of the enzymes dihydropteridine diphosphokinase (DHDPK) and dihydropteroate synthase (DHPS). Computer modelling studies (8) have shown that pterin substituted at C-6 with ~-ketoester Sc and ~-ketosulphone functionality Sd are good mimics of 6a.
In order to generate a range of DHDPK and DHPS based inhibitors the use of Wittig chemistry was adopted. 7,7-Dimethyl-6-hydroxymethylpterin
